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In an IC card, an IC module constructed by mounting an IC 
chip and an antenna circuit on a Substrate is Sandwiched 
between at least a pair of exterior films. The IC chip is sealed 
with resin on its outside and reinforced by a reinforcement 
material having a Substantially circular shape with a diam 
eter greater than a longest dimension value of the IC chip. 
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NONCONTACT C CARD 

TECHNICAL FIELD 

0001. The present invention relates to a lion-contact IC 
card having recorded information based on electronic data 
and visible information thereof 

BACKGROUND ART 

0002. A method of performing magnetic or optical read 
ing has been conventionally and widely used for credit cards 
and the like, as ID (identification) cards for identifying 
individual perSons. However, as altered data and forged 
cards have appeared due to popularized techniques, the 
number of people who actually Suffered from forged cards 
increases, resulting in a Social problem concerning Secret of 
private information. Therefore, in recent years, IC cards 
incorporating IC chips have attracted attention, as a manager 
of personal data from the viewpoint of the size of informa 
tion capacitance and ability to contain cipher data. 
0003. This kind of IC card has a connection terminal for 
electrical and mechanical connection to exchange informa 
tion between an IC circuit and an external data processing 
device. Therefore, it involves various problems, e.g., main 
tenance of air-tightness of the inside of the IC circuit, 
countermeasures against electrostatic breakdown, defective 
electric connection of terminal electrodes, complicated 
mechanism of a reading/writing device. In addition, a 
manual operation of inserting or attaching an IC card into a 
reading/writing device is finally required, and leads to low 
efficiency and complicated operation in Some use fields. 
There hence have been demands for a non-contact IC card 
capable of exchanging information with a remote data 
processing device So that portable use can be realized 
without troubles. 

0004 Hence, developments have been made in a non 
contact IC card which comprises an antenna for utilizing 
electromagnetic waves and an IC chip having a memory and 
a calculation function, in the base body of the card made of 
plastics. This is designed to drive the IC by a dielectric 
motive force excited from the antenna inside the card by an 
external electromagnetic wave from a reader/writer. This 
card need not include a battery power Source insides, So a 
card with excellent activity can be provided. In Some appli 
cations, a thin battery Such as a paper battery is included 
internally to Send a wave for a long distance or to use a high 
frequency band. However, from the Viewpoints of costs and 
applications, a battery-less type has been eagerly demanded. 
0005. In information recording in these cards, digital 
recording is carried out by providing a recordable IC chip at 
a part of the card. In case where contents of recorded 
information are displayed or confirmed in these cards, read 
processing for recorded information must be executed by a 
dedicated reading device, and general users do not have a 
way for confirming them. For example, in Some member 
cards, premiums and points are provided for the members. 
However, in case of only recording on a card, an introduc 
tion must be made optionally by a guidance letter or the like. 
Hence, the demand for Simplified display of contents of 
recorded information has been being increased. In recent 
years, to comply with this demand, development has been 
made in a reversible display technique of high/low-molecu 
lar type in which organic low molecules in a resin binder, to 
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achieve display based on nebular-transparent contrast. The 
high/low-molecular type reversible display medium is con 
Structed by a Support member Such as a plastic Sheet or the 
like/a coloring layer/a recording (high/low-molecular) 
layer/a protect layer or the like. 
0006 Thus, necessity has become more and more serious 
for IC cards which has a visible recognition display function 
and also manages Secret based on electronic information. 
0007 Further, in recent years, a bare-chip mounting 
method in which a junction electrode part between an 
antenna and an IC chip is provided on a sheet and the IC chip 
is directly mounted has been attempted to reduce costs. This 
case adopts a face-down System in which a projection called 
a bump is provided on an electrode part formed on a 
circuit-forming Surface of the IC chip by Solder, gold, or the 
like. Some connections may be resins containing conductive 
grains, Such as anisotropic conductive films or resins, or may 
have an object of filling a gap between the IC chip circuit 
Surface and a module Substrate, Such as an under-fill. In this 
case, also, enclosure using resins as described must be made 
to attain operational reliability for inletting. In a card using 
an IC chip, all data may be lost if the IC chip is mechanically 
broken. Therefore, it is a problem how to improve mechani 
cal Strength against Spot pressure Such as bending, spot 
impacts, and the like. 
0008 However, enclosure of an IC chip cannot yet 
achieve Sufficient Strength at present although resin having 
rigidity different from the base material of the card partially 
functions as a protector for the IC chip. Therefore, the 
mechanical Strength is not Sufficient, and there is a problem 
in management of money information and ID information 
which requires high functions from cards. 
0009 Hence, a method of providing a reinforcement 
material together with a Sealing material has been proposed 
to respond to prevent breakdown of the junction part of the 
IC chip or the IC chip itself. 
0010. However, if this reinforcement material is used 
together with a Sealing material having a hardening/contrac 
tion effect, the reinforcement material deforms in accor 
dance with contraction of the Sealing material. After pro 
Viding and card-forming an IC-mounting module having the 
deformed reinforcement material, a plurality of thermoplas 
tic resin Sheets, and a reversible heat-Sensitive recording 
layer on the exterior side, the deformation of the part of the 
reinforcement material cannot be absorbed when forming 
the card from the deformed material but convexes and 
concaves remain on the Surface of the card, thus affecting the 
flatness. If convexes and concaves thus remain, Spacing 
occurs So that Sufficient heating cannot be attained during 
printing operation on the reversible heat-Sensitive recording 
sheet by a thermal head or the like. Consequently, a problem 
is involved in that recording errors easily take place. 
0011. In addition, polyvinyl chloride (PVC) resin, co 
polymer of vinyl chloride and Vinyl acetate are mainly used 
as materials of these cards. Particularly, polyvinyl chloride 
resin is generally used. Polyvinyl chloride resin is excellent 
in physical characteristics, mechanical characteristics, and 
emboSS property at text part, and is thus just optimal material 
for cards, which is widely used at present. 
0012 However, although polyvinyl chloride resin has 
excellent material property, process-ability, and economic 
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property, it generates a hydrogen chloride gas and damages 
a furnace when it is disposed of, and particularly, when it is 
burnt. Thus, there are problems that the lifetime of the 
furnace is shortened and polyvinyl chloride resin is SuS 
pected of relation with dioxin, which is dealt with as one of 
environmental hormones. With respect to these problems, 
many countries including Germany and those North Europe 
have come into movement of depositing PVC. Domestically, 
there has been a Similar trend of using other resins than 
polyvinyl chloride, in the fields of building materials, indus 
trial resources, and wrapping materials. 

DISCLOSURE OF THE INVENTION 

0013 The present invention has been proposed in view of 
the conventional Situation as described above and has an 
object of providing an IC card which ensures reliability of 
the IC chip without Spoiling the Outer appearance or the print 
characteristic. 

0.014. In a non-contact IC card according to the present 
invention, an IC module constructed by mounting an IC chip 
and an antenna circuit on a Substrate is Sandwiched between 
at least one pair exterior films, wherein the IC chip is Sealed 
with resin on outside of the IC chip and reinforced by a 
reinforcement material having a Substantially circular shape 
with a diameter greater than alongest dimension value of the 
IC chip, and a height variation amount of the shape of the 
reinforcement material on a Surface thereof is within a range 
of 20 um or less. 
0.015. In the non-contact IC card according to the present 
invention as described above, the height variation amount of 
the Surface shape of the reinforcement material is defined to 
be within a range of 20 um or less. Therefore, concaves and 
convexes disappear from the card Surface, and the card has 
an excellent appearance and excellent print characteristic. 
0016 Other objects, features, and advantages will be 
clearly understood from the embodiments of the present 
invention described later and the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a cross-sectional view showing a struc 
tural example of an IC card according to the present inven 
tion. 

0.018 FIG. 2 is a plan view showing a structural example 
of an IC module used in the IC card shown in FIG. 1. 

0.019 FIG. 3 is a circuit diagram showing a structural 
example of an IC module used in the IC card shown in FIG. 
1. 

0020 FIG. 4 is an enlarged cross-sectional view showing 
an IC chip mounting part of an IC module. 
0021 FIG. 5 is a cross-sectional view showing another 
Structural example of an IC card according to the present 
invention. 

0022 FIG. 6 is a cross-sectional view showing another 
Structural example of an IC card according to the present 
invention. 

0023 FIG. 7 is a cross-sectional view showing another 
Structural example of an IC card according to the present 
invention. 
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0024 FIG. 8 is a cross-sectional view showing another 
Structural example of an IC card according to the present 
invention. 

0025 FIG. 9 is a cross-sectional view showing another 
Structural example of an IC card according to the present 
invention. 

0026 FIG. 10 is a cross-sectional view showing another 
Structural example of an IC card according to the present 
invention. 

0027 FIG. 11 is a graph showing a measurement result 
of the Surface shape of a reinforcement material in an IC 
module prepared as a Sample 7. 
0028 FIG. 12 is a graph showing a measurement result 
of the Surface shape of a reinforcement material in an IC 
module prepared as a Sample 1. 
0029 FIG. 13 is a graph showing the relationship 
between the hardness of the reinforcement material and the 
Surface variation amount for every thickness of the rein 
forcement material. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0030 Hereinafter, with reference to the drawings, 
detailed explanation will be made of embodiments of an IC 
card to which the present invention is applied. 
0031 FIG. 1 shows a structural example of an IC card 1 
according to the present invention. This IC card 1 is con 
Structed by Sandwiching an IC module 2 between a pair of 
thermoplastic resin sheets 3a and 3b. 
0032 FIG. 2 shows a plan view of the IC module 2, and 
FIG. 3 shows a circuit diagram thereof. As shown in these 
figures, the IC module 2 is constructed in a structure in 
which a resonance circuit comprised of an antenna coil 5 and 
a tuning capacitor 6 is connected to a rectification diode 7, 
a Smoothing capacitor 8, and an IC chip 9, on an insulating 
Substrate 4. Note that the tuning capacitor 6, rectification 
diode 7, and Smoothing capacitor 8 are incorporated in the 
IC chip 9 in some cases. 
0033. The material of the insulating substrate 4 is a single 
material or mixture Selected from a polyester group includ 
ing polyimide, polyester, polyethylene terephthalate, poly 
ethylene naphthalate, and the like, a polyolefin group includ 
ing propylene and the like, a cellulose group including 
cellulose triacetate, cellulose diacetate, and the like, a vinyl 
based resin group including acrylonitrile-butadiene-Styrene 
resin, acrylonitrile-styrene resin, polystyrene, polyacryloni 
trile, polyacrylic mnethyl, polymethyl-inetlacrylate, poly 
acrylic ethyl, polyethyl-metliacrylate, Vinyl acetate, polyvi 
nyl alcohol, and the like, and a polycarbonate group. Any 
material can be used without problems, as long as it is an 
insulating organic material. 
0034. A method of providing the above-mentioned 
antenna coil 5, tuning capacitor 6, rectification diode 7, 
smoothing capacitor 8, IC chip 9, and the like on the 
insulating Substrate 4 will be a method of fixing by high/ 
low-molecular organic materials or a composite material 
thereof. 

0035) Resin that can be used will be single or mixed 
thermoplastic resin Selected from Vinyl-based resin Such as 
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polyester-polyurethane resin, polyurethane resin, polyester 
resin, acrylonitrile-butadiene-styrene resin, acrylonitrile 
Styrene resin, polystyrene, polyacrylonitrile, methyl poly 
acrylate, polymethyl-methacrylate, ethyl polyacrylate, poly 
ethyl-metliacrylate, Vinyl acetate, polyvinyl alcohol, or the 
like, thermoplastic resin Such as polycarbonate or the like, 
and the like. 

0.036 Further, thermosetting resin such as phenol resin, 
epoxy resin, Silicon resin, or the like can be used as known 
binder resin. In addition, a chemical compound containing 
two or more molecules of isocyanate (NCO) in one molecule 
or a chemical compound including an epoxy-based func 
tional group can be used as a reactive organic low-molecular 
agent. Any of these compounds including a reactive func 
tional group can be used, mixed with a compound having a 
reactive property Such as a compound including a hydroxyl 
group, amino group, or the like, without problems. 

0037. In addition, as shown in FIG. 4 which enlarges the 
part of the IC chip 9, a method of connection between the IC 
chip 9 and the conductive layer part will be a method in 
which the electrode (bump) 9a of the IC chip 9 and the 
antenna coil 5 or the conductive layer part of the IC 
mounting part are connected in a face-down manner through 
an adhesive layer 10 and further an anisotropic conductive 
adhesive layer. 

0.038 Used as the adhesive layer 10 will be single resin, 
a mixture, or a complex Selected from Vinyl-based resin Such 
as polyurethane resin, polyester-polyurethane resin, acry 
lonitrile-butadiene-styrene resin, acrylonitrile-styrene resin, 
polystyrene, polyacrylonitrile, methyl polyacrylate, polym 
ethyl-methacylate, ethyl polyacrylate, polyethyl-methacry 
late, Vinyl acetate, polyvinyl alcohol, or the like, polycar 
bonate-based resin, and epoxy resin, and the like. 
0039 For the adhesive layer 10, it is possible to use a 
material obtained by mixing grains Subjected to non-con 
ductive processing based on an organic material into the 
Surface of Such grains that are obtained by making conduc 
tive processing (physical or chemical processing based on 
Au, Ni, Al, Sn, or the like) on the surface of conductive 
grains (Au, Ni, Al, Sn, or the like) or non-conductive grains, 
hollow grains, foil, or the like, in order to attain an aniso 
tropic conductive adhesive layer. In these grains that have 
been Subjected to non-conductive processing, the conductive 
layer is exposed since the non-conductive processing layer 
is broken when mounting the IC chip 9, and are used for 
junction between the IC chip 9 and the antenna coil 5 or the 
conductive layer. In a use method thereof, the IC chip 9 is 
brought into contact with the antenna coil 5 or the conduc 
tive layer while pressure is applied or heating is further 
maintained, So that the IC chip 9 can contact the antenna coil 
5 or the conductive layer part when mounting the IC. 
0040. Further, the IC chip 9 adhered to the insulating 
Substrate 4 is Sealed by a Sealing material 11 flowed So as to 
cover the periphery of the IC chip 9, as shown in FIG. 4, in 
order to guarantee the conductive characteristic, and is 
reinforced and protected by a reinforcement material 12 
provided on the Sealing material 11. 
0041 Epoxy-based, silicon-based, or phenol-based ther 
mosetting resin can be used as the Sealing material 11. In 
order to prevent stress from being applied to the IC chip 9 
due to contraction of tile Volume caused by a thermosetting 
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reaction, a filler, hollow grains, or foil Singly or a complex 
thereof is mixed into this resin and put to use. To restrict 
generation of StreSS due to the filler, hollow grains, or foil, 
these materials are used with their size, grading, and mixing 
ratio thereof adjusted properly. 

0042. Used as the reinforcement material 12 is a substan 
tially circular disk having a larger diameter than the longest 
dimension value of the IC chip 9. 
0043. The IC chip 9 adhered to the insulating substrate 4 
forms a convex part on the insulating Substrate 4. There is a 
case that a convex part is also formed on the Surface of the 
reinforcement material 12 So as to reflect the convex shape 
of this IC chip 9, So convexes and concaves appear when the 
reinforcement material 12 is viewed entirely. The convexes 
and concaves of this reinforcement material 12 appear also 
as convexes and concaves on the card Surface. If there are 
convexes and concaves on the card Surface, not only the 
appearance of the card is degraded but also print character 
istics are degraded, e.g., blurring or print errors occur in 
printing on a visible recording layer. 

0044 Hence, in the IC card 1 according to the present 
invention, the Surface variation amount (height difference 
between convexes and concaves) of this reinforcement 
material 12 is defined to be 20tum or less. By defining the 
Surface variation amount (height difference between con 
vexes and concaves) of the reinforcement material 12 is 
defined to 20 um or less, convexes and concaves appearing 
on the card Surface are reduced to provide the card with good 
appearance. In addition, eXcellent print characteristics with 
out blurs or print errors can be attained in printing onto the 
Visible recording layer. 

0045 For example, to adjust the surface variation amount 
of the reinforcement material 12 to 20 um or less, it is 
effective to use a material which has Vickers hardness within 
a range of 200 or more and 580 or less, as the material 
forming the reinforcement material 12. The Vickers hard 
neSS is obtained by a measurement method according to 
JIS-Z2244, and a Vickers hardness tester according to the 
Standard of JIS-B7725 is used. 

0046) If the Vickers hardness is less than 200, the shape 
of the IC chip 9 is reflected on the surface of the reinforce 
ment material 12, or deformation is caused in accordance 
with contraction/hardening of the Sealing material 11. There 
fore, the Surface variation amount of the reinforcement 
material 12 cannot be reduced to 20 um or less. In addition, 
the convexes and concaves also appear on the card Surface, 
thereby degrading the appearance and causing blurs and 
print errors. Thus, print characteristics deteriorate. Mean 
while, if the Vickers hardness is 580 or more, the shape of 
the IC chip 9 is not reflected on the surface of the reinforce 
ment material 12 or deformation is not caused in accordance 
with contraction/hardening of the Sealing material 11. The 
Surface variation amount of tile reinforcement material 12 
can be restricted to be very small. However, the reinforce 
ment material 12 is not Soft, and therefore, the bending 
Strength is So low that the card cannot be provided with 
Softness. 

0047 Accordingly, by using a material having Vickers 
hardness within the range of 200 or more and less than 580 
as the material for the reinforcement material 12, the shape 
of the IC chip 9 can be prevented from being reflected on the 
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Surface of the reinforcement material 12, and the Surface 
variation amount of the reinforcement material 12 can be 
adjusted to 20 um or less. Meanwhile, tile card can be 
provided with proper Softness. 

0048. The material which has Vickers hardness of 200 or 
more and less than 580 will be nonferrous metal material 
Such as Cu-Sn-P, Ni-Cu-Zn, Cu-Be-Ni-Co-Fe, 
or the like, nickel/alloy-based material Such as Ni-Co, 
Ni-Cr, Ni-Mo-Cu, or tile like, nickel/ferrous-alloy 
based material such as Ni-Fe or the like, titanium/molyb 
denum/stainless-based material Such as SUS304, SUS301, 
SUS316, SUS631, ASL350, SUS430, SUS420, or tile like, 
or carbon steel such as SK steel, or the like. It is possible to 
use any of these materials after further increasing tile 
hardneSS via a heat treatment. 

0049. Also, the thickness of the reinforcement material 
12 should preferably be within a range of 50 um or more and 
100 um or less, if the Vickers hardness of the material to be 
used is 200 or more. If tile thickness of the reinforcement 
material 12 is 50tum or less, the convex shape of the IC chip 
9 cannot be absorbed, and deformation is caused in accor 
dance with contraction/hardening of the Sealing material 11. 
Thus, the Surface variation amount of the reinforcement 
material 12 cannot be reduced to 20 um or less. Alterna 
tively, if the thickness of the reinforcement material 12 
exceeds 100 um, it is difficult to set the thickness of the IC 
card 1 within the range according to ISO definitions. 
Accordingly, by Setting the thickness of the reinforcement 
material 12 within a range of 50 to 100 um, the convex shape 
of the IC chip 9 can be absorbed, and deformation in 
accordance with the contraction/hardening of the Sealing 
material 11 is not caused. Thus, the Surface variation amount 
of the reinforcement material 12 can be reduced to 20 um or 
less, and the thickness of the IC card 1 can be easily Set 
within the range according to ISO definitions. 

0050. If the Vickers hardness of the material used for the 
reinforcement material 12 is 300 or more, the thickness of 
the reinforcement material 12 should preferably be within a 
range of 30 um or more and 100 um or less. If the thickness 
of the reinforcement material 12 is 30 um or less, the convex 
shape of the IC chip 9 cannot be absorbed, and deformation 
is caused in accordance with contraction/hardening of the 
Sealing material 11. Thus, the Surface variation amount of 
the reinforcement material 12 cannot be reduced to 20 um or 
less. In addition, if the thickness of the reinforcement 
material 12 exceeds 100 um, it is difficult to set the thickness 
of the IC card 1 within a range according to ISO definitions. 
Therefore, by setting the thickness of the reinforcement 
material 12 within a range of 30 um or more and 100 um or 
less, the convex shape of the IC chip 9 is absorbed and 
deformation is not caused in accordance with contraction/ 
hardening of the Sealing material 11, if the Vickers hardneSS 
of the material used for the reinforcement material 12 is 300 
or more. The Surface variation amount of the reinforcement 
material 12 can be reduced to 20 um or less, and the 
thickness of the IC card 1 is Set within a range according to 
ISO definitions. 

0051. Further, sheets made of thermoplastic resin having 
a low-crystallization characteristic of a crystallization rate of 
5% or less are used as thermoplastic resin sheets 3a and 3b 
which Sandwich the IC module 2 as described above. As the 
thermoplastic resin having a low-crystallization character 
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istic of a crystallization rate of 5% or less, it is possible to 
use copolymer of terephtalic-acid-cycloohexanedimethanol 
ethyleneglycol, or alloy of this copolymer and polycarbon 
ate, copolymer of terephtalic-acid-isophtalic-acid-ethyl 
eneglycol, or one kind or mixed plural kinds of non-crystal 
resin Selected from a group of resin of copolymer of acrylni 
trile-butadiene-styrene, polystyrene resin, polyacrylnitrile 
resin, polyvinyl-alcohol resin, methyl-polyacrylate resin, 
polymethyl-methacrylate resin, vinyl acetate resin, polycar 
bonate resin, and the like. 
0052 These kinds of resin do not generate a gas such as 
a hydrogen chloride gas which provides large influences on 
funaces and environments, during incineration of disposition 
after use. Therefore, by using resin as described above, 
processing after disposition can be facilitated, and problem 
of environmental pollution is not caused in processing for 
disposition. 
0053. In addition, in place of non-crystal resin of these 
kinds, it is possible to use a double-side non-crystal sheet 
created from non-crystal resin and crystal resin by a co 
extrusion method. Further, low-crystallization polyester 
resin of these kinds or other resin may be added with various 
additives or a Substance Such as polymer or the like within 
a range of weight ratio of 50% or less, or more preferably 
within 15% or less. 

0054) A reversible heat-sensitive recording sheet 14 is 
adhered to one of the Surfaces of the thermoplastic resin 
sheets 3a and 3b by way of an adhesive layer 13. This 
reversible heat-sensitive recording sheet 14 is constructed by 
a high-molecule film, a coloring layer, a reversible heat 
Sensitive recording layer, and a transparent protect layer. 
0055 As the high-molecule film, it is possible to use 
various high-molecule films including, for example, a poly 
ethylene-terephtalate (PET) film and the like. 
0056. The coloring layer is prepared, for example, by 
forming a metal film of aluminum or the like on the 
high-molecule film by a vacuum deposition method or the 
like. 

0057 The heat-sensitive recording layer can be selected 
and used from a high-molecule/low-molecule type in which 
nebular and transparent States change reversibly in accor 
dance with the change of the crystal State of the organic 
low-molecule material dispersed in the mother material 
(matrix) of the resin, and a leuco compound type as a 
thermo-coloring compound which utilizes reversible color 
ing reaction between an electron donor type coloring com 
pound and an electron acceptor type compound which are 
dispersed in the mother material of the resin. The heat 
Sensitive recording layer is formed to have a film thickness 
of about 4 to 20 um by a coating method or the like. 
0058 At first, the organic low-molecule material to be 
dispersed in the heat-Sensitive recording layer will be fatty 
acid or a derivative of fatty acid or alicyclic organic acid. For 
example, the material will be Saturated or non-Saturated 
mono- or di-carboxylic acid, myristic acid, penta-decane 
acid, palmitic acid, hepta-decane acid, Stearic acid, nano 
decane acid, arachic acid, behenic acid, lignoceric acid, 
cerotic acid, montan acid, melissic acid, or the like. 
Examples of the non-Saturated fatty acid will be olein acid, 
elaidic acid, linoleic acid, Sorbic acid, Stearol acid, and the 
like. Note that the fatty acid, derivative of fatty acid, and 
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alicyclic organic acid are not limited to those described 
above, and one or two or more kinds of them can be mixed 
and applied. 
0059. The mother material of the resin will be a single, 
mixture, or copolymer Selected from acryl-based resin, 
urethane-based resin, polyester-based resin, cellulous-ac 
etate-based resin, nitro-cellulous-based resin, Vinyl-chlo 
ride-based resin, and Vinyl-acetate-based resin. Meanwhile, 
to control the transparence temperature range of the revers 
ible heat-Sensitive recording part, a plasticizer of resin, a 
high-boiling-point Solvent, and the like can be added to the 
mother material of resin, at 0.1 to 20 weight %. Further, to 
improve the resistance against repetitive printing/erasure of 
the reversible heat-Sensitive recording part, a hardener, 
crosslinking agent, and the like which achieves three-dimen 
Sional bridging corresponding to the mother material of resin 
can be added to the mother material of resin, at 0.5 to 10 
weight %. 
0060 Next, the heat-sensitive recording layer of the 
leuco compound type is a thermo-coloring compound ulti 
lizing reversible coloring reaction of a leuco compound and 
a coloring/decoloring agent which are dispersed in the 
mother material (matrix) of resin, and can be provided with 
a film thickness of 4 to 20 um by a printing method, coating 
method, or the like. The leuco compound, which is used in 
the heat-Sensitive recording layer and is normally colorleSS 
or light-colored, will be generally represented by those used 
for a pressure-Sensitive recording paper, heat-Sensitive 
recording paper, light-sensitive recording paper, conductive 
heat-sensitive recording paper, beat-sensitive transfer paper, 
and the like. Xanthene-based, Spiro-pyran-based, lactone 
based, fluorane-based, or Salton-based compound which has 
a partial Skeleton of lactone, Salton, Spyro-pyran, or the like 
is used. However, it is not limited particularly. 
0061 Specific examples thereof will be 3,3-bis(p-dim 
ethylaminophenyl)-6-dimethylaminophthalido, 3,3-bis(p- 
dimethylaminophenyl)phthalido, 3,3-bis(1,2-dimetliylin 
dole-3-1)-6-dimetlhylaminoplthalido, 3-dimethylamino-6- 
chloro-7- methylfulorine, 3,3-bis(9-ethylcarbazole-3-il-5)- 
dimethylaminoplitalido, 3-dimethylamino-7-dibenzylami 
nofulorine, 3-diethylamino-7-clirolofulorine, 3-diethy 
lamino-6-methyl-7-anilinofulorine, 3-piperidino-6-methyl 
7-anilinofulorine, 3-(n-ethyl-n-nitril) amino-6-methyl-7- 
anylinofulorine, 3-dibuthylamino-6-methyl-7-anilinofulo 
rine, 3-(n-etlyl-n-tetrahydrofil)amino-6-methyl-7-anilinofu 
lorine, and the like. These are used singly or mixedly. 
0.062 Meanwhile, the coloring/decoloring agent is a 
compound which releases reversibly proton by action of 
thermal energy and makes both of coloring effect and 
decoloring effect on the leuco compound. That is, this 
compound has both of an acidic group consisting of a phenol 
hydroxyl group or a carboxyl group and a basic group 
consisting of an amino group, and becomes acidic or basic 
to color or decolor the leuco compound. The basic group 
may exist as a functional group or as a part of a compound. 
0.063. In addition, the coloring/decoloring agent having 
either an acidic or basic group will be, for example, ami 
nobenzoic acid, O-aminobenzoic acid, 4-amino-3-methyl 
benzoic acid, 3-amino-4-methylbenzoic acid, 2-amino-5- 
etbylbenzoic acid, 3-amino-4-buthylbenzoic acid, 4-amino 
3-methoxybenzoic acid, 3-amino-4-ethoxybenzoic acid, 
2-amino-5-chlorobenzoic acid, 4-amino-3-bromobenzoic 
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acid, 2-amino-2-nitrobenzoic acid, 4-amino-3-nitrobenizoic 
acid, 3-amino-4-nitrilbenzoic acid, aminosalicylate, diami 
nobenizoic acid, 2-methyl-5-aminonaphthoic acid, 3-ethyl 
4-aminonaphthoic acid, nicotinic acid, isonicotinic acid, 
2-methylnicotimic acid, 6-chloronicotinic acid, or the like. 

0064. The compound which includes a basic group as a 
part of a chloric compound will be a Salt or a complex Salt 
of a compound including a phenolic hydroxyl group or a 
carboxyl group, and a compound including an amino group. 
An example thereofwill be a Salt or a complex Salt of an acid 
Selected from hydroxybenzoic acids, hydroxySalicylic acids, 
gallic acids, bisphenol acetates, and the like, and a base 
Selected from aliphatic amines, phenylalkylamines, trially 
lalkylamines, and the like. Specific examples thereof will be 
a p-hydroxybenzoic acid-alkylamine Salt, p-hydroxybenzoic 
acid-phenylalkylamine Salt, m-hydroxybenzoic acid-alky 
lamine Salt, p-bydroxybenzoic methyl-alkylamine Salt, p-hy 
droxybenzoic Stearyl-alkylamine Salt, bisphenol acetate 
alkylamine, bisphenol octyl acetate-alkylamine Salt, and the 
like, which are used Singly or mixedly. Note that the leuco 
compound and the coloring/decoloring agent are not limited 
to those described above, and one or two or more kinds of 
those compounds may be mixed and applied. 

0065. In addition, the mother material of resin to be used 
is a Single, mixture, or copolymer of resin Selected from 
acryl-based resin, polyester-based resin, polyurethane-based 
resin, polyurea, melamine, polycarbonate, polyamido, poly 
Vinylpyrolidone, polyvinylalcohol, polyvinyl chloride, poly 
vinyl butlhylal, and the like. Further, in order to improve the 
resistance against repetitive printing/erasure at the reversible 
heat-Sensitive recording part, a hardener or bridging agent, 
which forms a three-dimensional bridge corresponding to 
the mother material of resin, can be added to the mother 
material of resin, 0.5 to 10 weight%. Further, to improve the 
resistance, it is possible to add an ultraViolet absorbent 
which has a relatively high compatibility with the leuco 
compound. 

0066. In the IC card 1 according to the present invention 
as described above, the Surface variation amount (height 
difference between convexes and concaves) of the reinforce 
ment material 12 of the IC module 2 is defined to be 20 tim 
or less, So that convexes and concaves appearing on the card 
Surface can disappear. As a result of this, this IC card 1 has 
a good appearance and provides excellent print characteris 
tics without blurs or print errors, in printing on the Visible 
recording layer. 

0067 Further, as a method of manufacturing this IC card 
1, it is possible to use a melt lamination method by heat 
preSS. In the melt lamination method, respective materials of 
the card are Sandwiched between mirror plates which are 
one size larger than the materials, and they are integrated by 
heat melting press. The mirror plates used at this time are 
copper plates Subjected to chrome plating, Stainless plates 
whose Surfaces are polished, aluminum plates whose Sur 
faces are polished, or the like. In the melt lamination 
method, transparent protect sheets are layered on both 
surfaces of the printed thermoplastic resin sheets 3a and 3b. 
At this time, the types of the protect sheets may be different 
from each other. In the printing on the thermoplastic resin 
sheets 3a and 3b, texts or figures can be printed in the same 
method as conventional printing on papers and plastics, i.e., 
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known printing methods Such as a offset printing method, 
Screen printing method, gravure printing method, and the 
like. 

0068. After the melt lamination, each material of the 
integrated card is peeled from the mirror plates, and punch 
ing is performed into the card Shape with a single blade or 
a male-female mold. 

0069. Normally, after punching the card shape, relief 
letters are embossed by an embosser, and tipping is per 
formed on the letters by thermally transferable foil to 
achieve coloring, or magnetic information is encoded on 
magnetic Stripes. In cases, a portrait photograph or barcodes 
are transferred. Thus, the card is finished. For the purpose of 
improving the resistance against frictions and the like of the 
printed layer of the letters or figures, it is possible to further 
provide a protect layer 15. Further, after cutting and pro 
cessing for a concave shape for providing the contact IC 
chip, an adhesive can be used to embed the IC chip with use 
of an adhesive, and thus, a combination card or a hybrid card 
which includes both the non-contact IC and the contact IC 
can be prepared. 
0070 The IC card 1 according to the present invention is 
not limited to the above embodiment but can be variously 
modified without deviating from the Scope of the present 
invention. 

0071 For example, the embodiment described above has 
been explained with reference to a case where the reversible 
heat-Sensitive recording sheet 14 is adhered to the thermo 
plastic resin sheet 3a in the side of the IC-chip-mounting 
Surface. However, as shown in FIG. 5, the reversible heat 
Sensitive recording sheet 14 may be adhered to the thermo 
plastic resin sheet 3b in the Side opposite to the Side where 
the IC chip 9 is mounted. In addition, as shown in FIG. 6, 
it is effective to provide a protect layer 15 on the printed 
Surface on the Surface of the thermoplastic resin sheet 3b, on 
the thermoplastic resin sheet 3b in the Side opposite to the 
thermoplastic resin sheet 3a to which the reversible heat 
Sensitive recording sheet 14 is adhered. By providing the 
protect layer 15, peeling of the reversible heat-Sensitive 
recording sheet 14 is prevented and the adhesion can be 
maintained. 

0072 Further, as shown in FIGS. 7 to 9, the reinforce 
ment material 12 may be provided not only on the IC-chip 
mounting surface of the IC module 2 but also in the side 
opposite to the IC-chip mounting Surface. By providing the 
reinforcement material 12 not only on the IC-chip-mounting 
surface but also on the Surface where the IC chip is not 
mounted, the Static load Strength can be increased more. In 
this case, as shown in FIGS. 7 and 8, the Surface of the IC 
module 2 where the IC chip is not mounted may be sealed 
with resin, and the reinforcement material 12 may also be 
provided on the resin. Alternatively, as shown in FIG. 9, 
only the reinforcement material 12 may be provided. Note 
that FIG. 8 shows an example of the IC card 1 in which the 
reinforcement material 12 is provided on the surface of the 
IC module 2 where the IC chip is not mounted, and further, 
the protect layer 15 is provided on the thermoplastic resin 
sheet 3b in the Side opposite to the thermoplastic resin sheet 
3a to which the reversible heat-sensitive recording sheet 14 
is adhered. 

0073. In the IC card 1 shown in FIG. 10, the IC module 
2 is constructed in a structure in which only the IC-chip 
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mounting part of the insulating Substrate 4 is made of a glass 
epoxy Substrate, a plastic Substrate, or the like, and the part 
of the antenna coil 5 is jointed optionally and electrically by 
a connection lead 16. 

EXAMPLES 

0074 Next explanation will be made of experimental 
examples which have been carried out to check the advan 
tages of the present invention. Although the following 
experimental examples will be explained with reference to 
Specific numerical values, the present invention is not lim 
ited only to those values. 
0075) <Sample 1 a 
0076. At first, an IC module was prepared. 
0077. At first, aluminum foil having a thickness of 20 mn 
is adhered to a polyethylene terepthalate film having a 
thickness of 50 lum. Next, an antenna pattern was formed by 
a resist agent, and an aluminum antenna pattern was formed 
by etching processing. Thus, an antenna module was pre 
pared. An IC chip (4 mmx4 mmx180 um) was mounted on 
the antenna module with a flip-chip adhesive organic con 
ductive film having a thickness of 30 um inserted therebe 
tween. On the IC chip, an epoxy-based Sealing material and 
further AS052 (having a diameter of 7 mm and thickness of 
100 um) as an IC chip reinforcement material were provided 
and hardened at 110° C. to prepare an IC module. 
0078. Then, formation of the reinforcement material after 
Sealing Was measured by a non-contact Surface shape mea 
surement device (manufactured by MITAKA-KOUKI). 
0079 A thermoplastic resin sheet was prepared as fol 
lows. Terephthalic acid, copolymer (PETG) of cyclohexane 
dimethanol and ethylene glycol, titanium oxide as a white 
color filler were mixed at a weight ratio of 10%, and were 
sheeted to have a thickness of 350 um by a melt-extrusion 
method, to obtain a thermoplastic resin sheet made of white 
PETG. 

0080 Figures and letters were printed on one surface of 
this thermoplastic resin sheet by the Screen printing method 
and the offset printing method. A set of the printed thermo 
plastic resin sheets for the front and back Sides were pre 
pared and arranged to Sandwich the IC module prepared 
beforehand, with their printed Surfaces oriented outsides. 
Four corners of the sheets are welded and fixed temporarily 
by an ultraSonic welding device. 
0081) A orientative polypropulene film sheet (OPP) hav 
ing a thickness of 60 um was provided outside the tempo 
rarily fixed sheet, and Stainless mirror plates having a 
thickness of 3 mm were further arranged to Sandwich them 
from outside. They were pressed into contact and thermally 
melted under conditions of a temperature of 170° C. and a 
pressure of 15 kg/cm by heat-melting press, and were 
further cooled and solidified. The OPP was peeled to obtain 
a card-forming member which contains an IC module inlet. 
0082) A reversible heat-sensitive recording sheet was 
prepared as follows. At first, an Al layer was formed with a 
thickness of about 50 A, as a coloring layer, on a polyeth 
ylene terephthalate film having a thickness of 50 um by a 
Vacuum vaporization method. A heat-Sensitive recording 
layer coating material made of organic molecules dispersed 
in resin was coated thereon with a coating thickness of 10 
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aim at a dry temperature of 120° C. with use of a gravure 
method. Further, a protection layer was coated thereon with 
a coating thickness of 3 um by a gravure printing method. 
Next, an adhesive coating material was coated with a 
thickness of 3 um on the back Surface of this sheet, at a dry 
temperature of 100 C., by the gravure method. A reversible 
heat-Sensitive recording Sheet was thus obtained. 
0.083 Compositions of the heat-sensitive recording coat 
ing material, protection layer coating material, and adhesive 
coating material used were as follows. 
0084. Heat-Sensitive Recording Coating Material 

0085 

0086) 

0087 

0088) 

0089) 

Stearic acid: 8 weight part 

Sebacic acid: 2 weight part 

acrylic acid copolymer: 5 weight part 

tetrahydrofuran: 20 weight part 

toluene: 20 weight part 

0090 Protection Layer Coating Material 

0091) 

0092) 

0093) 

0094) 
0.095 Adhesive Coating Material 

acryl-based resin: 50 weight part 

calcium carbonate filler: 2 weight part 

toluene: 100 weight part 

methyl ethyl ketone: 100 weight part 

0096 polyester-based resin: 40 weight part 

O097 

0098) 

toluene: 50 weight part 

methyl ethyl ketone: 50 weight part 

0099 Further, the card-forming member including the IC 
module, and the reversible heat-Sensitive recording sheet 
were temporarily fixed again by the ultraSonic welding 
machine, with the heat-Sensitive recording layer situated 
outsides. Orientative polypropylene film sheet was provided 
outside the temporarily fixed sheet, and further, StainleSS 
mirror plates having a thickness of 3 mm were used to 
sandwich them from outside. They were pressed and ther 
mally melted under conditions of a temperature of 120° C. 
and a pressure of 15 kg/cm, and were cooled and Solidified. 
Thereafter, punching was carried out into a card shape. In the 
manner as described above, a non-contact card having a 
reversible heat-Sensitive recording layer was prepared. 
0100 <Samples 2 to 20> 
0101. Non-contact IC cards were prepared in the same 
manner as the Sample 1 except that the materials shown in 
Table 1 were used as materials of the reinforcement material 
or the thermoplastic resin sheet. 
0102) <Samples 21 to 23> 
0103) Non-contact IC cards were prepared in the same 
manner as the Sample 1 except that the materials shown in 
Table 1 were used as materials of the reinforcement material 
or the thermoplastic resin sheet and that a Sealing material 
and a reinforcement material were further provided on the 
back surface side of tile IC module which was opposite to 
the IC-mounting Surface. 
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0104) <Samples 24 to 28> 

0105. Non-contact IC cards were prepared in the same 
manner as the Sample 1 except that the materials shown in 
Table 1 were used as materials of the reinforcement material 
or the thermoplastic resin Sheet, that a Sealing material and 
a reinforcement material were further provided on the back 
surface side of the IC module which is opposite to the 
IC-mounting Surface, and a reversible heat-Sensitive record 
ing layer was provided on the Side of the Surface where no 
IC was mounted. 

0106) <Samples 29 to 34-> 

0107 The thickness of the thermoplastic resin sheets 
made of white PET-G sheets was set to 330 um. In addition, 
the IC module was Sandwiched between the back PET-G 
sheet where figures were printed like the Sample 1 and the 
front PET-G sheet without figures, and was temporarily 
fixed therebetween. 

0.108 Card-forming members including IC modules were 
prepared in the same manner as the Sample 1 except that a 
transparent PET-G sheet having a thickness of 50 um and 
added with no white filler was provided on the figured 
Surface of the temporarily fixed card-forming member. Non 
contact IC cards each having a reversible heat-Sensitive 
recording layer were thus prepared. 

0109) <Samples 35 to 38> 

0110. Non-contact IC cards were prepared in the same 
manner as the Sample 1 except that the materials shown in 
Table 1 were used as materials of the reinforcement material 
or the thermoplastic resin sheet and that the reversible 
heat-Sensitive recording layer was Set in the Surface where 
no IC was mounted. 

0111. With respect to the IC cards of the above samples 
1 to 38, evaluations were made on the print characteristic, 
print layer adhesion, Static load Strength of IC reinforcing 
part, bending test, and possibility of generating a gas con 
taining Cl. 

0112 At first, with respect to the print characteristic, a 
heat-sensitive printer manufactured by Matsushita Electric 
Industrial Co., Ltd. was used, and printing was carried out 
where application energy of the thermal head was 0.5 
mJ/dot. The printed Surface of the card was observed with 
eyes. When a print omission is caused at the part where the 
IC-mounting part was reinforced by the reinforcement mate 
rial, the print characteristic was evaluated as X. Otherwise, 
when there was no print omission, the print characteristic 
was evaluated as o. 

0113. With respect to the print layer adhesion, printing 
and erasure were repeated 500 times. The condition of a 
figure on the print layer on the back Surface of the heat 
sensitive recording layer was observed with eyes. When a 
defect or peeling appears on the figure, the print layer 
adhesion was evaluated as X. Otherwise, when there was no 
defect or peeling, the print layer adhesion was evaluated as 
O. 

0114 With respect to the static load strength at the IC 
reinforcement part, load which involves IC breakdown on 
the IC chip mounting part was evaluated. The load position 
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was at the center of the IC-chip mounting part, and the top 
end shape of the probe was Set to be a sphere having a radius 
of 0.2 mm. The load test speed was set to 0.5 mm/min. As 
for the IC breakdown, a breakdown was decided at the time 
when communication became impossible. 

0115 The bending test was carried out according to the 
method described in JIS-X-6305. IC operation checks before 
and after the bending test were made with use of a reader/ 
writer (communication device) manufactured by SONY 
(where 20 ICs were checked). 
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0116. With respect to the possibility of generating a gas 
containing Cl, the possibility of Cl-containing-gas genera 
tion was evaluated to be present if there is a possibility of 
generating a gas containing Cl when a card is Subjected to 
incineration deposition as abandomnent processing. Other 
wise, if there is no possibility of generating a Cl gas, the 
possibility of C1-containing-gas generation was evaluated to 
be absent. 

0117 Evaluation results of the IC cards of the samples 1 
to 45 together with their physical values will be shown in 
Tables 1 and 2. 

TABLE 1. 

Difference 
of Reinforcement 

elevation material 

Reinforcement material after Visible Printing IC IC non 

Hardness Thickness sealing recording charac- mounting mounting 
Type (Hv) (um) (um) layer teristic surface surface 

Sample A5052 8O 1OO 26 IC X Presen 
1. mounting 

SaCe 

Sample A5052 8O 50 3O IC X Presen 
2 mounting 

SaCe 

Sample A5052 8O 3O 38 IC X Presen 
3 mounting 

SaCe 

Sample C521OR 230 1OO 15 IC Presen 
4. mounting 

SaCe 

Sample C521OR 230 50 18 IC Presen 
5 mounting 

SaCe 

Sample C521OR 230 3O 23 IC X Presen 
6 mounting 

SaCe 

Sample SUS304-H 370 1OO 8 IC Presen 
7 mounting 

SaCe 

Sample SUS304-H 370 50 1O IC Presen 
8 mounting 

SaCe 

Sample SUS304-H 370 3O 13 IC Presen 
9 mounting 

SaCe 

Sample SK-2 550 1OO 5 IC Presen 
O mounting 

SaCe 

Sample SK-2 550 50 7 IC Presen 
mounting 
SaCe 

Sample SK-2 550 3O 8 IC Presen 
2 mounting 

SaCe 

Sample SiO, 6OO 1OO 3 IC Presen 
3 mounting 

SaCe 

Sample Al2O 1100 1OO 1. IC Presen 
4 mounting 

SaCe 

Sample SUS304-H 370 50 15 IC Presen 
5 mounting 

SaCe 

Sample SUS304-H 370 50 16 IC Presen 
6 mounting 

SaCe 

Sample SUS304-H 370 50 15 IC Presen 
7 mounting 

SaCe 

Sample None IC X 
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18 

Sample None 
19 

Sample SUS304-H 370 
2O 

IC reinforcement Good generating a 
Card base part static load products in Back printed gas containing 
material strength (kgf) bending test Protect layer layer C 

Sample PETG 58 16/20 Partially No 
1. eeleC 

Sample PETG 5.6 15/20 Partially No 
2 eeleC 

Sample PETG 5.5 14/20 Partially No 
3 eeleC 

Sample PETG 8.5 20/20 Partially No 
4 eeleC 

Sample PETG 7.7 20/20 Partially No 
5 eeleC 

Sample PETG 7 18/20 Partially No 
6 eeleC 

Sample PETG 11.2 20/20 Partially No 
7 eeleC 

Sample PETG 8.4 20/20 Partially No 
8 eeleC 

Sample PETG 7.6 20/20 Partially No 
9 eeleC 

Sample PETG 12.9 20/20 Partially No 
O eeleC 

Sample PETG 11.2 20/20 Partially No 
eeleC 

Sample PETG 8.7 20/20 Partially No 
2 eeleC 

Sample PETG 14.3 13/20 Partially No 
3 eeleC 

Sample PETG 15.3 14/20 Partially No 
4 eeleC 

Sample PETG 70%f 8 6 20/20 Partially No 
5 PC: 30% eeleC 

Sample ABS 8.2 20/20 Partially No 
6 eeleC 

Sample PETG: 20%f 8.3 20/20 Partially No 
7 PET: 60%/PET. eeleC 

G 20% 
Sample PETG 5.4 12/20 Partially No 

8 eeleC 
Sample PVC 5.5 13/20 Partially Present 

9 eeleC 
Sample PVC 83 20/20 Partially Present 

2O eeleC 

0118 

TABLE 2 

Difference 
of Reinforcement 

elevation material 

Reinforcement material after Visible Printing IC IC non 

Hardness Thickness sealing recording charac- mounting mounting 
Type (Hv) (um) (um) layer teristic surface surface 

Sample C521OR 230 50 15 IC Present Present 
21 mounting 

TABLE 1-continued 

mounting 
surface 
IC 

mounting 
surface 

50 9 IC 
mounting 
surface 

surface 

Present 

Possibility of 
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TABLE 2-continued 

Sample SUS304-H 370 50 14 IC ; : Presen Presen 
22 mounting 

SaCe 

Sample SK-2 550 50 1O IC ; : Presen Presen 
23 mounting 

SaCe 

Sample C521OR 230 3O 34 IC non- X Presen Presen 
24 mounting 

SaCe 

Sample C521OR 230 50 15 IC non- ; : Presen Presen 
25 mounting 

SaCe 

Sample SUS304-H 370 3O 8 IC non- ; : Presen Presen 
26 mounting 

SaCe 

Sample SUS304-H 370 50 15 IC non- ; : Presen Presen 
27 mounting 

SaCe 

Sample SK-2 550 50 1O IC non- ; : Presen Presen 
28 mounting 

SaCe 

Sample C521OR 230 50 17 IC ; : Presen 
29 mounting 

SaCe 

Sample SUS304-H 370 50 14 IC ; : Presen 
3O mounting 

SaCe 

Sample SK-2 550 50 9 IC ; : Presen 
3 mounting 

SaCe 

Sample C521OR 230 50 15 IC ; : Presen Present 
32 mounting 

SaCe 

Sample SUS304-H 370 50 15 IC ; : Presen Present 
33 mounting 

SaCe 

Sample SK-2 550 50 1O IC ; : Presen Present 
34 mounting 

SaCe 

Sample C521OR 230 3O 23 IC non- ; : Presen 
35 mounting 

SaCe 

Sample C521OR 230 50 18 IC non- ; : Presen 
36 mounting 

SaCe 

Sample SUS304-H 370 3O 13 IC non- ; : Presen 
37 mounting 

SaCe 

Sample SUS304-H 370 50 1O IC non- ; : Presen 
38 mounting 

SaCe 

Possibility of 
IC reinforcement Good generating a 

Card base part static load products in Back printed gas containing 
material strength (kgf) bending test Protect layer layer C 

Sample PETG 5 20/20 Partially No 
2 eeleC 

Sample PETG 2.5 20/20 Partially No 
22 eeleC 

Sample PETG 4.5 20/20 Partially No 
23 eeleC 

Sample PETG 7.2 20/20 Partially No 
24 eeleC 

Sample PETG .6 20/20 Partially No 
25 eeleC 

Sample PETG 5 20/20 Partially No 
26 eeleC 

Sample PETG 2.6 20/20 Partially No 
27 eeleC 

Sample PETG 4.7 20/20 Partially No 
28 eeleC 

Sample PETG O.1 20/20 PETG No change No 
29 
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TABLE 2-continued 

Sample PETG 8.3 20/20 PETG 
3O 

Sample PETG 9.2 20/20 PETG 
3 

Sample PETG 11.4 20/20 PETG 
32 

Sample PETG 12.6 20/20 PETG 
33 

Sample PETG 14.5 20/20 PETG 
34 

Sample PETG 7 19/20 
35 

Sample PETG 7 6 20/20 
36 

Sample PETG 85 20/20 
37 

Sample PETG 7 7 20/20 
38 

0119). From the Table 1, at first, in the IC card of the 
Sample 18 in which no reinforcement material was provided 
for the IC module, convexes and concaves of the IC chip part 
were reflected after card-formation, so that the flatness of the 
card was degraded. Therefore, the Spacing between the 
heat-Sensitive recording layer and the thermal head was 
enlarged, thereby causing print omissions. Further, in the 
Sample 18, the IC operation rate after the bending test was 
12/20, so that the IC chip or the junction between the IC chip 
and the antenna was broken, resulting in very bad reliability. 
0120 In contrast, in the samples in which the IC module 
was provided with a reinforcement material and the differ 
ence of elevation of the Surface shape of this reinforcement 
material was Set within 20 tim, the concaves and convexes 
of the IC chip part were not reflected after card-formation or 
deformation was not caused in accordance with contraction/ 
hardening of the Sealing material. Excellent flatness was 
obtained on the card Surface. As a result of this, excellent 
print characteristic was obtained without causing spacing 
between the heat-Sensitive recording layer and the thermal 
head. For example, FIG. 11 shows the surface shape mea 
Surement results of the reinforcement material with respect 
to the IC module of the sample 7. 
0121 Specifically, in every of the samples 1 to 3 in which 
material having Vickers hardness smaller than 200 was used 
for the reinforcement material provided for the IC module, 
the difference of elevation of the Surface Shape was greater 
than 20 lim. The concaves and convexes thereof were 
reflected after card-formation, So that the flatness of the card 
Surface was degraded. Therefore, the Spacing was enlarged 
between the heat-Sensitive recording layer and the thermal 
head, So print omissions were caused, thereby degrading the 
print characteristic. For example, FIG. 12 shows the surface 
shape measurement results of the reinforcement material 
with respect to the IC nodule of the sample 1. 
0122) Meanwhile, in the samples 13 and 14 using rein 
forcement material made of material having VickerS hard 
ness of 580 or more, the difference of elevation of the 
Surface shape was maintained to be Small. On the other hand, 
Softness of the reinforcement material was lost, So Seven 
were defective among twenty Samples 13 and Six were 
defective among twenty Samples 14. 
0123 Thus, by using material having Vickers hardness 
within a range of 200 or more and less than 580 as the 
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material of the reinforcement material, the shape of the IC 
chip is prevented from being reflected on the Surface of the 
reinforcement material and deformation is prevented from 
being caused in accordance with contraction/hardening of 
the Sealing material, So that the Surface Shift among of the 
reinforcement material can be adjusted to 20 um or leSS. On 
the other hand, the card is provided with optimal Softness, So 
that the reliability in IC operation in the bending test can be 
improved excellently. 

0.124. Further, the relationship between the hardness and 
thickness of the reinforcement material will now be dis 
cussed. FIG. 13 shows the relationship between the Vickers 
hardneSS and thickness of the reinforcement material for 
every thickness of the reinforcement material. 
0125 From Table 1 and FIG. 13, at first, in the range that 
the Vickers hardness is less than 300 or the thickness is less 
than 30 um, the reinforcement material had poor elasticity 
and causes deformation of the shape in accordance with 
hardening/contraction of the Sealing material, So it is difficult 
to ensure reliability of the IC operation. Meanwhile, in the 
range that the Vickers hardness is 580 or more or the 
thickness exceeds 100 um, the reinforcement material 
becomes fragile when the hardneSS exceeds. In the range in 
which the thickness exceeds, only the reinforcement mate 
rial part becomes easily thick and becomes difficult to Set it 
within the definitions according to JIS. 
0126. Accordingly, it has been found that the reliability of 
the mechanical Strength of the IC chip part increases by 
providing the IC module with reinforcement material having 
Vickers hardness within a range of 300 or more and less than 
580 and a thickness within a range of 30 um or more and 100 
tim or less, and by Setting the difference of elevation of the 
Surface shape within 20 lim. Thus, it is possible to prepare 
a non-contact card which has Satisfactory print characteristic 
of the heat-Sensitive recording layer. 
0127. Also from Table 1 and FIG. 13, in the range that 
the Vickers hardness is less than 200 or the thickness is less 
than 50 lum, the reinforcement material had poor elasticity 
and causes deformation of the shape in accordance with 
hardening/contraction of the Sealing material, So it is difficult 
to ensure reliability of the IC operation. Meanwhile, in the 
range that the Vickers hardness is 580 or more or the 
thickness exceeds 100 um, the reinforcement material 
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becomes fragile when the hardneSS exceeds. In the range in 
which the thickness exceeds, only the reinforcement mate 
rial part becomes easily thick and becomes difficult to Set it 
within the definitions according to JIS. 
0128. Accordingly, it has been found that the reliability of 
the mechanical Strength of the IC chip part increases by 
providing the IC module with reinforcement material having 
Vickers hardness within a range of 200 or more and less than 
580 and a thickness within a range of 50 um or more and 100 
tim or less, and by Setting the difference of elevation of the 
Surface shape within 20 lim. Thus, it is possible to prepare 
a non-contact card which has Satisfactory print characteristic 
of the heat-Sensitive recording layer. 

0129. In the samples 19 and 20, polyvinyl chloride (PVC) 
was used for thermoplastic resin sheets, there is a possibility 
of generating a gas which may cause problems of hydrogen 
chloride, dioxin, and the like in incineration processing. In 
other Samples which used material containing Do chloride 
for the thermoplastic resin sheets, there is little possibility of 
generating a gas which may cause problems of hydrogen 
chloride, dioxin, and the like in incineration processing. 
Accordingly, it has been found that the problems of hydro 
gen chloride, dioxin, and the like can be avoided in incin 
eration processing by using material containing no chloride 
for the thermoplastic resin sheets. 

0130. Also from Tables 1 and 2, it has been found that the 
Static load Strength can be further increased by providing the 
reinforcement material not only on the IC chip mounting 
Surface but also on the Surface where no IC chip was 
mounted, from comparison between the Samples 5, 8, and 
11, in which the reinforcement material was provided only 
on the IC chip mounting surface of the IC module, and the 
Samples 21 to 23, in which the same reinforcement material 
was provided in the side of the IC module opposite to the 
IC-chip mounting Surface. 

0131. In the samples 24 to 28 in Table 2, the reinforce 
ment material was provided on both of the IC chip mounting 
Surface and the Surface where no IC was mounted, and 
further, the heat-Sensitive recording layer is provided not in 
the side of the IC-mounting surface but on the surface where 
no IC was mounted. From these samples 24 to 28, it has been 
found that reliability of the mechanical strength of the IC 
part increased except the Sample 24 in which the difference 
between the concaves and convexes exceeded 20 tim, and 
that a non-contact card which had Satisfactory print charac 
teristic could be obtained by further providing the heat 
Sensitive recording layer in the Side of the Surface where no 
IC was mounted. 

0.132. In the samples 29 to 34, a protect layer was printed 
on the printed Surface in the back Side of the heat-Sensitive 
recording layer. In other Samples in which no protect layer 
was provided on the printed Surface, peeling appeared on the 
heat-Sensitive recording layer. In contrast, in the Samples 29 
to 34 in which a protect layer was provided, no peeling 
appeared on the heat-Sensitive recording layer. Accordingly, 
it has been found that the adhesion of the printed layer can 
be protected by providing a protect layer on the printed 
Surface in the back Side of the heat-Sensitive recording layer. 

0133. Further, it has been found that the static load 
Strength can be increased and the printed Surface can be 
protected by providing the reinforcement material also on 
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the Surface where no IC chip was mounted, from comparison 
between the samples 29 to 31, in which the reinforcement 
material was provided only on the IC chip mounting Surface, 
and the samples 32 to 34, in which the reinforcement 
material was provided also on tile Surface where no rein 
forcement material was provided. 
0.134. In the samples 35 to 38, a reversible heat-sensitive 
recording layer was provided on the Surface where no IC 
chip was mounted. The cause and effect of the heat-Sensitive 
reversible recording layer were all Satisfied because there 
was no convex part Since none of IC chip, resin Sealing 
material, and reinforcement material was provided. How 
ever, unsatisfactory reliability appeared in the mechanical 
strength test of the IC chip of the sample 35 which used 
reinforcement material having VickerS hardneSS within a 
range of 200 or more and a thickness of 30 um. 
0.135 Accordingly, it has been found that it is possible to 
prepare a non-contact card which Satisfies the print charac 
teristic while ensuring the reliability of the mechanical 
Strength of the IC chip part, by using reinforcement material 
having Vickers hardness within a range of 300 or more and 
less than 580 and a thickness within a range of 30 um or 
more and 100 um or less, or having Vickers hardness within 
a range of 200 or more and less than 580 and a thickness 
within a range of 50 um or more and 100 um or less, also in 
case of providing a reversible heat-Sensitive recording layer 
on the Side opposite to the IC chip mounting Surface 
reinforced by reinforcement material. 

INDUSTRIAL APPLICABILITY 

0.136. In the IC card according to the present invention, 
concaves and convexes disappear from the card Surface, by 
defining the Surface variation amount (difference between 
convexes and concaves) of reinforcement material provided 
on the IC module, to be 20 um or less. 
0.137 AS a result of this, the card has a good appearance 
and provides excellent print characteristic without blurs or 
print omissions even in printing on a visible recording layer. 

1. A non-contact IC card in which an IC module con 
Structed by mounting an IC chip and an antenna circuit on 
a Substrate is Sandwiched between at least one pair exterior 
films, wherein 

the IC chip is sealed with resin on outside of the IC chip 
and reinforced by a reinforcement material having a 
Substantially circular shape with a diameter greater than 
a longest dimension value of the IC chip, and 

a height variation amount of the shape of the reinforce 
ment material on a Surface thereof is within a range of 
20 um or leSS. 

2. The non-contact IC card according to claim 1, wherein 
the reinforcement material is made of a metal plate. 

3. The non-contact IC card according to claim 1, wherein 
the reinforcement material has Vickers hardneSS within a 
range of 200 or more and less than 580. 

4. The non-contact IC card according to claim 3, wherein 
the reinforcement material has Vickers hardneSS within a 
range of 200 or more and less than 580 and has thickness 
within a range of 50 um or more and 100 um or less. 

5. The non-contact IC card according to claim 3, wherein 
the reinforcement material has Vickers hardneSS within a 
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range of 300 or more and less than 580 and has thickness 
within a range of 30 um or more and 100 um or less. 

6. The non-contact IC card according to claim 1, wherein 
a part of the Substrate, which is a Surface opposite to a 
Surface where the IC chip is Sealed and corresponds to IC 
chip, is also Sealed with resin, and a reinforcement material 
is provided on the resin. 

7. The non-contact IC card according to claim 1, wherein 
a reversible heat-Sensitive recording sheet is provided on at 
least one of the exterior films, with an adhesive layer 
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inserted therebetween, and the reversible heat-sensitive 
recording sheet comprises a plastic sheet, a reversible heat 
Sensitive recording layer which is formed on the plastic 
sheet and enables rewriting of visible information, and a 
transparent protect layer formed on the reversible heat 
Sensitive recording layer. 

8. The non-contact IC card according to claim 1, wherein 
the exterior film is made of material containing no chloride. 

k k k k k 


